l\mm& 1

UNCLASSIFIED

20,299 868

Reproduced
by las

ARMED SERVICES TECHNICAL TNTORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

L]
4
y
-4

=
st
e |
c

]
-
;»
U2
Ul
| 2




IIIII‘EIII.IIIII.I.II'llIIIIllll..llllllll.l..ll.l...llllllllllll.lllllIIIHIII-II-I--t——

NOTICE: When government or other drawlngs, specl-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. 3,
Government thereby incurs no responaibllity; nor any
obligation whateoever; and the fact that the Govern-
mant may have formulated, furnished, or in any way
supnlisd the zald dwsringz, aspsuificationg, oF skher
data 18 not to be regarded by Aimpiication or other.

- T e wwr -
visa as ip any mammer llcenzinz the B2SldST ST &Ly

other person or corporation, or conveying any righte
or permigasion to manufacture, use or sell any
patented fnvention that may ir any way be related
thereto. l




TECHNICAL MANUSCRIPT 21

BIOSYNTHESIS AND PURIFICATION
OF V AND W ANTIGENS
N PASTEURELLA PESTIS

MELRCH 1963

wo 0T

i UNITED STATES ARMY
BIOLOGICAL LABORATORIES
FORT DETRICK

.......
......
.....
B4




U.5. ARMY CHEM1CAL-BLOLOGICAL~RADIOLOGICAL AGENCY
U.S. ARMY BIOLOGITAL LABORATORIES
Fort Det+ick. Fredcrick, Maryland

The work reported here was parformed
under Project 4Bl1-02-066, Bacterial
and Fungal Agent -Research, Task -02.
The expenditure order was 2079. This

material was originally submittad as
Hanusaevipt H055.

William D. Lawton
Robert L. Erdman
Michael J. Surgalla

Medical Bacteriology Diviasion
DIREGTOR BIOLOGICAL RESEARCH

Broject 1C022301A06802 March 1963

vy




This document or any portion thereof may
not be reproduced without specific authori-
zation from the Commanding Officer, Blologi-
cal Laboratories, Fort Detrick, Frederick,
Maryland; however, ASTIA 18 authorized to
reproduce the document for #.8. Government
purposes.

The information {n this report has not been
cleared for release to the general public

ASTIA AVAILABILITY NOTICE

Qualifiad raquestors may obtain coples of
this document from ASTIA.

Foreign announcement and dissemination of
this document by ASTIA 1s limited.

i - W

1 b2 e A BT 18 A

1
3
i
i
o
i
E
E




% ABSTRACT

.(
ih%%paration and purification of V and W antigens are deacribed.
~~>The methods that gave the best results were:

L&Y The precipitation of both antigens from the supernstant fluid
of a 36°C-grown culture of strain M23 by use of ammonium sulfatae.

(b)Y Chromatography on DEAE cellulose.

V antigen was eluted with 0.1 M NaCl and W antigen with 0.5 % NaCl.
Recycling both antigens on DEAE cellulopse resulted in a sample contain-
.ing approximately 20 unite of V antigen per m'lligram of protein (100~
fold purification) and no W antigen, and a sample containing 600 units
of W antigan per milligram of protein (1000-fold purification) and . no
V antigen.

V antigen {8 a protein with a molecular weight of 90,000 and W
antigen is a lipoprotein with a molecular weight of 143,000.

"Both antigéris weté stabla av §0°C, but not-at 80°C, for 30 minutes, :
W antlgen, bul nst Vv, was lost upon owrenmive dinlweis agaisat Afaviliad :
water or pervaporation. Both antigens were raducad in titer by pro-
lenged storage at 3°C or by iyophilizacion, but uot by siorags &i ~28°C,

Based on the usa of rabbit antisera containing only V antibodyon H
only W antibody, the conclusion was drawn that V antibody, but not ¥ :
antibody, can protect. mice against plague, ‘ H
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I. INTRODUCTION*

Studies by Burrows and Bacon demonstrated that virulent strains of
Pasteurella Egstisl:a and Pasteurella pseudotuberculosis” produce two
antigens, designated V and W, that are not produced by most avirulent
strains., Blological effects associated with these antigens, as observed
by use of live VW' and V"W~ strains, indicated chat the antigens were
associated wich resistance to phagocytosis® and were essential for the
oest live vaccine in mice.” Direct evidence on the activity of each
antigen. depends on their separation and purification. This manuscript
eummerizes our -investigation into the blosynthesis, separation, purifi-
cation, and protective value of V and W antigens.

I1. MATERTALS AND METHODS

A. S8TRAINS

T. pastis strain M:23° was chosen because it appeared to produce
a4s much V and W antigens as any other virulent strain, but did not
Froduce detectabln amounte of Fractien I, & protain-carbeohydratae
complex usually present in large quantities in the supernatant fluid
of typical virulent strains of P. pestis. P. pastis strain Alexander
was used to challenge animals in passive protection sxperimants, '

B, QUANTITATION OF ANTIGENS

V and W antigens were assayed by diffusing various dilutions of a
sample against a standard V or W antiserum in a gel plate under stand-
ard conditions.” The greatest dilution that showed a visibla band of
prucipitate was considered to contain one unit of antigen per milliliter.
Purification results are expressed in terms of unita of antigen per
milligram of protein, und the minimum numbar of antigans associaced with
a sample &s determined by diffusion against complex antisara,

?

* "In conducting the research reported herein, the investigators ad-
hered to "Principles of Laboratory Animal Care™ as established by
the National Society for Medical Research.
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C. CHEMICAL AND PHYSICAL ASSAYS

Protein waas measured by either the spectrophotometric method, which
relates protein concentration to the absorption of light at 215 milli-
micron,® or the chemical method of Lowry.? Carbohydrate was measured
by the diphenylamine method. 10 Lipid was estimated by the method of
Snyder and Stephens.!' Nucleic acid was calculated from the absorption
of light at 260 millimicrons. Meolecular weights were calculated by the
gel diffusion mathod of Polson.®

II1. RESULTS

V and W antigens are produced at 37°C but not at 26°C.° However, at
37°C, avirulent V"W~ mutants are favored in many media, resulting in
little or no V and W antigen production, To avoid this, strain M-23 was
grown at 26°C in Difco heart infusion broth for 24 hours and the cells
were sadimentsd and resuspended at 36°C for 16 hours under various con=

ditions, This atudy resulted-in.-the following conclusions:

(a) At least three par cent Bacto Casitore was nacessary for the
;m»h-ln ~& W --td W armed ~onn
:Ilhll‘-- A Wik ¥ RN AW A i Y

- (b) Undar thesa conditions, at least 0.01 M sodium glucondte wis

;essantial. Ammonium gluconate was equally effactive, and magnssium

gluconate doubled the production of V and W antigena, It has been, dem-
onatrated by Brubaker and Suxgalla* that, under different cultural con-
ditions, energy mources other than gluconate can nupport the produccion
cf V and W antigana.

{¢) Calcium inhibited the synthesis of V and W antigens. This
cbsarvation has basn confirmed and extended by Zzubaker and Surgalla.*

(d) No synthasis of V or W antigens occurred in an atmosphere of -
100 per cant CO,, of 95 par cent N, plus 5 par cant CO3, or in vaguo.

* A, PRODUCTION OF ANTIGENS FCR PURIFICATION

On the basis of these findings, stmain M-23 was groﬁn in Difco heart

‘infusion broth-at 26°C, %the cells were sadimeutad, vesuspended in a
" medium (300 miliiTiters par two-liter -flask) of 5 per cent Bacto Casitone,
0.04 sodium’ gluconate, and 0.04 M magnesium sulfate, and shaken at 36°C

for 16 hours. During the" 16-hour 1ncubation pariod, the viable number of
microorganisma ramained at lxIOP to 2x10° per milliliter, and tha pH

\

* Manuscript-in preparation




remained near 7.0, The contents of the flasks were pooled and the cells
permivted to settle overnight at 5°C. The clear supernatant fiuid was
slphoned off, £Ilteréd through sintered glass, and brought to 3.0 M
with solid ammonium sulfate. The precipitated proteins were collected
after atanding approximately one~half hour, pH 6, 5°C, resuapended in

a minimum amount of distilled water and dialyzed overnight agailnst
cold distilled water.

A comparison of the aupernatant fluld with the cell contents (ob~
tained by sonication or acetone drying) indicated that the total amount
of V and W antigens was split about 50:50 betweer the cells and the
supernatant fluid, but the units of eacli antigen per milligram of
protein werae twice as much in the supernatant fiuid. In addition, there
was a much higher concentrafion of nucleic acid in the disrupted cells,
Precipitation with 3.0 M ammonium sulfate and subsequent dialysis re-
sulted in a tenfold concentration and a fourfold-to fivefold purifica-
tion of both antigens.

B. PURIFICATION

oo

IXTRRION

L. Ammonium_§uifate Fragtionation T -

tant fluid that had heen zoncentrated by ammonium sulfate and diaiyzed
was used to determine the effectiveness of fractional increases of ammon-
ium sulfate on the purificacion of V and W antigens. A ten~milliliter
sampla (1.1 unita ¥ and W intigena per milligram of protein) was brought
to 1.2 M by the addition of 3.5 M ammonium sulfats, pH 7.0, hald ten
minutes, and centrifuged-at 27,000 x g for £ive minutes. The pracipitata
was resuspandad in distilled water and testad for V, W, and total protein,
The supernatant fluld was brought To 1.4 M, and ths procadure was repeated
until 2,2 M armonium sulfate was reached. The reaults (Table I) indicated
that both V and W antigens were pracipitated betwean 1,2 and 2.2 M, with
the maximum purification occurring at 1.8 M ( sixfold purification).

This experiment was repeated with the axception that each additional
increment of ammonium sulfate was allowed to aquilibrate with the sampla
overnight at 5°C.  The results were ecsentially the same as those obtained
with ten-minute equilibration. ) :

Tha remainder of the 40Q0-miililiter batch was brought to l.4 M
ammenium aulfate, the pracipitate vemoved, and the supernatant fluid
brought to 2,2 M ammonium sulfate,  ihe results indicatad that 63 per cent
of both.V and W antigens ware recovered in the 2.2 M precipitate with a
4.5-fold purification. Since considerable quantities of V and W were
precipitatedat 1.4 M, subsequent batches were handled by taking the
material that precipitated between 1.3 and 2,2 M ammonium sulfate.
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TABLE 1.

FRACTIONATION OF V AND W ANT1GENS WITH AMMONIUM
SULFATE (LO-MINUTE EQUILIBRATION)

Molarity 4/ y W Total

of ammonium Total Units/mg Total Units /o, protein

sulfate units protein units protein mg
1.2 7 20 0.3 10 0.1 67.0
L.b 20 . 0.8 . 40 ) 26.0
1.6 40 2.6 80 5.2 15.2
1.8 80 6.7 80 6.7 12,0
2.0 80 3.6 k0 3.6 22,5

{2.2 gupsinatant

Totais 260 ' 310 223
Original - e — . S S
material 320 - 1l 320 1 S 296

a, Original matsrial waa broughﬁ to the molni.:’y'mdtgnu;d—by the addition
of 3,5 M somonium sulfate, pH 7.0.

2. Cellulgse Chromitography

The wide application of various forms of cellulnse for the separa-
tion of proteins suggested this method for the purificatio: of V and W
antigens. Initially, ten-milliliter samples of materizl containing V and
W antigens (precipitated between 1.3 and 2.2 M aumonium sulfate) were ad-
sorbed on one gram of the following materials: (a) cellulose phosphate,
(b) carboxymethylcellulose, (c) aminocethyluellulose, and (<&). diethyl-
aminoathylcellulose. Only the diethylamincvethyl (DEAE) ccllulose ad-
sorbed all of the V and W antigzns, and this material was used for all
subgsequent cellulose fractionation,
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In order to observe the behavior of V and W antigens on DEAE
These experiments involved

cellulose,-.46 different runs were performed.

many variables, such as the amount of protein per gram of cellulose re-
quired to saturate a column, the resolution obtainable with a stepwise

elution versus a gradient elution, the use of regenerated cellulose

compared with unused cellulose, etc. An over-all view of the behavior

of these antigens on DEAE cellulose 1is shown in Table II.

TABLE II.

SUMMARY OF TYPICAL DATA OBTAINED ON THE
FRACTIONATION OF V AND W ANTIGENS ON DEAE CELLULOSE

Experimant

Unita/mg Protein

No, Antigen!y Before After % Recovery
e T AN S 30 LN
T ";‘:#;J‘*”;:ﬁ;mﬁ"i;x-¥ N 1Z2.3 W0
2 v 0.8 5.8 63
W 1.2 182 13
W recycled v _ 182 291 100
R 3 W 1.3 32 o
W recycled ¥ 32 620 100:
4 | v 0.9 2.1 40
W 0.7 73 60
I 5 v 1.0 1247 H]
W 2.1 22 ?6

&, In all experiments shown, V antigen was eluted with O,1 M NaCl and W

artigen with 0.5 M NaCl.

[P,
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These data are based on similar but not identiral experiments. We found that
the greatest adsorption of V antigen occurred when the sample was dialyzed
against distilled water and then placed on DEAE celluleose that had been '
washed with L N NaOH, neutralized with 0.018 M potassium phosphate buffer,

pH 6.8, and thoroughly rinsed with distiiied water. W antigen was adsorbed
more than V antigen and, therefore, presented no problem in processing large
quantities. The difference in the percentage recovered of V antigen may be
attributed to oversaturating the column in sone cases.

The elution schedule ugsed routinely was to wash the column stepwise
with distilled water, 0.1 M, 0,3 M, and 0.5 M NaCl, The eluate flowed
through a silica cell and the amount of protein it contained was estimated-
with an improvised recording spectrophotometar consisting of a Bausch and
Lomb monochromatic light source {set at 280 millimicron) and a photosensitive
tube cconnected to a Brown recorder. Each fraction was eluted until tha re~ -
corder indicated that the eluate contained no protein. Depending on the
amount of protein per gram of cellulose, a portion of the V antigen, but
never W antigen, could be found in the distilled water wash. All the V
antigen that adsorbed to the column, but none of the W antigen, was eluted

~.With 0,1 M NaCl, The 0.] M NaCl eluate contained a_large amount of protein,

S.-but mo Vantigan. and usually little or no '-Lmtigan._ﬁm n,ujam_alm;__' N

contained little protein, but moat of tha W antigen,

'~ The uaa of DBAE cellulose for the purification of W antigen, as wall

a8 the separation of V and W antigans, was very effective. The average

figuresbafore celluloss:ehromatography was 1:0 univ of W per miliigram-of
protain and 64 units of W per milligram of protein aftexr callulosa ehruun-
tography. ~This latter figure waz incressed to as much & $20 by recyéliiig

the W antigen through a small DEAR callulose column, ‘Unlike V- antigen, — — — — - :
_ W antigen adsorbad strongly to cellulose, and even under conditions of.

high protein per gram of callulose, all the W antigen was adsorbed, Its
instability, to be discussed luter, probably contributed _to-the -poor ras- -
covery in soma cases. By usa of gal diffuston, it was damanstratad that
only W antigen could be detacted when the puti'Ied sampIa vas diffuand
lgllnlt saveral conplnx lF"sth. o T

The results obtained with DEAE callulole for thn purification of - -
V antigen were not as good as thoss obtained with W antigen. In terms of

units of V antigen per milligs ... of protain, tha average valus went from
1,0 bafore to 3.4 aftur cellulnas chromatography. The percentage reccvarad
was good only when the ratio ¢i protein to cellulose was small, Processing
large batchen of V antigen on <« 50-gram DBAE cellulose column resulted in
most of the V antigen's being washed through with distilled wijter. For
example, with 125 milligrams of protein per gram of cellulcse; the recovery
in the 0.1 M NaCl eluate was 63 per cent, but with 2800 milligrama of
protein per gram of cellulose, the recovery in the 0.1 M NaCl aluate was
only five per cent, By use of gel diffusion, & minimum of five te saven
antigens were shown to be still present in the 0.1 M eluate. Recent
expariments, in which the 0.1 M aluate containing V antigen was -recycled on
DEAE cellulose and aluted stepwise with 0,06, 0.08, and 0,10 M NaCl, have
yielded samples containing 20 units of V antigen per milligram of protein with
fairly good recovery.
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3. Other Purification Methods

Several different purification pogsibilities were investigated
but discontinued because of their lack of promise, Included among these
were calcium phosphate chromatography, continucus flow curtafn electro-
phoresis, precipitation by cold methanol, acid precipitacion,'2n+* pre-
cipitation, fractional solubilizatlon of an ammonium sulfate precipitate
by a gradient from 2,5 M ammonium sulfate to distilled water, chromatography
on G25 Sephadex, and elution from specific antigen-antibody pracipitates..
None of these metheds lmproved on tha results obtaired with ammonium
sulfate precipitation and DEAE cellulose chiromatography.

G. STABILITY OF V AND W ANTIGENS

Both V and W antigens ware detected qualitatively afiar heating
purified samples for 30 minutes at 40°C and 60°C, but not at 80°C or
100°c,

When 25 millilitexs of a culcure aupernatant fluid were placed in a
dialyais bag (45-millimeter diameter) and dialyzed against 400 milli-
1i¢eru of discilled water at 5°C with conatant agitation by A,nngncnic
SLITiel, all Lhe W aniigen, bui none of the V antigen, was lost “after
two days. During the two-day dialysis period, the profein remained &t

0.10 milligram per mIlliliter.

Repatition of this expaviment again demonstrated the loas of W
antigen. Ten milliliters of a fraction pracipitated batwsen 1.3 and
2.2 M ammonium sulfate and containing aight units of W antigen per milli-
liter ware dialyzed against 230 milliliters of distilled water-at 5°C -
with agitation. After ons day, only four units of W per millilitar.
wara prasent, and after four days no W antigen was daetected, The 250
milliliters of dislysate wers concent.died to Zen millilitears and tested
in & gel plate, but contafned no datactable W antigen.

The titer of both V and W antigens gradualiy decressed-during pro-
longed storage at 5°C. For exampla, one of the hesc batches produced '
had a titer of Lz units of V antigen and 24 unitas of W antigen per milli-
liter of superamtant fluid, but dropped to eight units of V and 16 units '
of W par wi!liliter after atcrage for three days at 5°C. Samples of &
greatar purity seemed morc stable, but it was common to lose 30 par cent
of tha activity of both V and W antigens during storage for one to two
weeks at 5°C. An example illustrating tha effect of storage, dialysis,
and lynphilization on a typical preparation of V and W antigens is shown
in Table III, )

The results of two lyophilization experiments demonstrated & 50 per
cent loss of both V and W antigens. For this reason, lyophilization of
materials was avoided.

-




TABLE ITI.

EFFECT OF STORAJE,-DTALYSIS, AND-LYOPHILIZATION ON-A———— - - --—- omiommmmeo

TYPICAL' PREPARATION OF V AND W ANTIGRW3

Sampla - Yotal Units of Antigen
- _ V. W
i (1) Culture supernatant Jfflui,"d \.gmg_ . .56,50()._ S
(2)-ik;nn as (1), incubatad at 5° for 3 days 6060:> : 32,000,
(3 bgamé &s (2), dialyzed overnight 5800 - - 11,200 -

{4) USYame as (3), lyophilized and resuspended 3300 7600

mathod i3 usaed routinely when a nnnple contnining Chlll artigens 1| to be
akoted-more than & faw days— - /- I

In most of the methods usad to purify V and W antigens, it is essentia]

to concentrate the fractiona obtdined in oxdar to detect hv gel diffusion
‘methods the antigens originally present, Bince at leacé cra-half of both

V and W antigens were lost after lyophilimation, ~ther me:~ods of concen-
trating proteins vers tried. Five milliliters of a sample containing eight
+unita- of V-and eight units of W antigens per-milliliter ware diluted to 100
milliliters with distille ! water and parvaporatad in a cellophane ssc in
front of a largs fan until only five m{l1liliters rdmained. Assay of the
“mAtaxrial after concentrition by this sathod indicated that 100 per cent of
the V autigen, but only 25 par cant of tha W antigan, was recoverad. - Par-
vaporation was used subsequently to concentrate samples containing V
antigen. The method finally adopted for tha concantratica of W antigen was
to place the sample in a callopbans sac and surround the sac with Carbowax
(polyathvlane glycol compound 20-M)i* This meterial draws water, but not-
protesin, out of the sac. By this method, & saasple could beihald at 3°C
-and be concencratad 10 to 100 timas with no loss of W antigen,

D. PHYSICAL AND CHEMICAL ANALYSES

Three separata molecular weight determinations for each antigen were

. within the rangu of '45,000 to 95,000 for V antigen and 140,000 to 150,000
for W antigen, dry-weight baain, the best V antigen preparation
contained less tha:/cne per ceut carbohydrate and nucleic acid and 100 par

/ ,
* Carbide and Cawaon Chemicals Company, New York 17, N. Y.

~»—-~—0n—aevaral—ac¢t:ton| both-erude and- ptrtixlly puiilfiad V- and-W- antigens
have hadn Fropaw-at -20°C -witheit-toss-of etther-entigenefter-—theving,—Thiz—
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_cent. protein, The_best W antigen preparation contained 38‘per cent_ Liﬁid

13

and 59 per cent protein. Other purified W antigen pzeparayions contained
less than five per cent curbohydrate The lipoprotein nature of W antigen

rcorrelates with the recent findiflg that W antigen (MW, = 145,000) appear-

ed less dense than V antjgen (M.W. = 90,000) when both antigens vere ged- _

" imented in ‘& sucrose denuity gradient. - Sl

Both V and W antt geha ware destroyed by- :Ayplin, as judged by loaa_
of ability to react wlt’h apectfic an:iaera in a gal p -ete,,

TR S

Px

E. IMMUNIZATION OF ANJ.MALS L JL,,_“

Injection of eithar purifiaed V or W antigens mixcd witn Freund's
adjuvant did not induce the formation of deteutable antibodiea in either
mice or guinen pigs, but did induce antibody production in rabbits. ,
Howaver, ra¥ent expariments employing Algivant® a8 an adjuvant rejulted = -
in the produsti.n of both V antibody and W antibody iu guinea pign vwhan .
100 units (aauiVLIant ‘to approximately. 100 mtcrng!dms) of .eithex :neiguu E R

o —fp —— ——

¥ antigen, WaS FreLestive.  IRiF-TRIuLLWRR TOX
zation studies ewploying rabbit serum containing “S1thiey V sntibody or

W antibody (Table IV}, Rabbit anti~V serum injectad into the paut.qnul
cavity of mi.c concomitantly with a 100°1Ds, dose of virulent J/. jaetis
strain Alexander protected all the mice, bbi.r. anti~i! geyuni ox formal -
rabbit sarum showed no protectiva effect under_ the. |Am| ¢cnditionn.

- thece aetively dmmunized guinea pj.;n_ Lndim:i:mﬁl m;r.!.j_n, but (Ot
g;nii:‘m: . < —

n

W, piscussoy 0 -

One of the conclusiona to be drawn from this work is the apparant
importance of V antibody and the lack of importance of W antibody in
protection against plague. ‘ The lack of pamsiva protection of W &nti~-
body in mice (Table IV) supports the data of Burrows and Baco® that
guinea pig, antiserum containing measurable amounts of W antibody was
ronprotective against P. pestis strain M+23 challenge in mice., . .- ... ... .

By use of live purine-dependent sttains as vaccines, Burrows and

" Bacor® found V antigen to be poorly antigenic in mice and nonantigenic
~.-in guinea piga. Although ou¥ experience in vaccinating animals with
~purfifled V antigen supports the impression that V is a poor antigen,
‘raesults with Algtvant indicated that it can induce antibody formation
“even in guinea pigs. . The apparent importance of V antibody would make

-an’investigation. into m.thods of increaslng the antigenicity of V seem
-_worchuh-.e. .

*Golab Laboratories, Inc., Chicago Haights, Iilinois
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Unfortunately, V antigen was more difficult to purify than W antigen.
One promising possibility of increasing the purity of V antigen is the
use of density gradient centrifugation. ‘

Although V and W antigens were always produced together (usually just
twice as many units of W antigen as there were of V antigen), there was
no evidence to support the idea expressed by Burrows and Bacon® that one
antigen may be the precursor of the other. Calture supernatent fluids
containing known amounts of each antigen never increased in the concentra-~
tion of one antigen at the expense of the other.

TABLE IV.

PASSIVE PROTECTION OF MICE AGAINST PLAGUE WITH
RABBIT ANTISERA CONTAINING V ANTIBODY OR W ANTIBODY

Dead/Total Challengedkl

Rabbit serum & Exp. 1 Exp. 2 Exp. 3
Normal 10/10 10/10 . 10/10
Anti-v&/ 0/10 - 0/5
Anti-wd/ - 10/10 5/5 5/5

8. Five-tenths milliliter of rabbit serum was injected into the peritoneal
cavity concomitantly with the challenge dose. Three days later, another
0.5 milliiiter of serum was injected via the same route.

b. Mice were challenged with approximately 1000 P. pestis strain Alexander
(100 tir-~ the LD5p dose) via the intraperitoneal route.

¢. Two diffcrent antisera were tested.

d. Three different antisera were tested.
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